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Purpose: Interpersonal processes, including therapeutic alliance, may modulate the impact of interventions on pain experience. 
However, the role of interpersonal context on the effects of technology-enhanced interventions remains underexplored. This study 
elicited therapists’ perspectives on how a novel rehabilitative process, involving Phantom Motor Execution (PME), may impact 
phantom limb pain. The mediating role of therapeutic alliance, and the way PME influenced its formation, was investigated.
Methods: A qualitative descriptive design, using a framework method, was used to explore therapists’ (n=11) experiences of 
delivering PME treatment. Semi-structured online-based interviews were conducted.
Results: A 3-way interaction between therapist, patient, and the PME device was an overarching construct tying four themes together. 
It formed the context for change in phantom limb experience. The perceived therapeutic effects (theme 1) extended beyond those 
initially hypothesised and highlighted the mediating role of the key actors and context (theme 2). The therapeutic relationship was 
perceived as a transformative journey (theme 3), creating an opportunity for communication, collaboration, and bonding. It was seen as 
a cause and a consequence of therapeutic effects. Future directions, including the role of expertise-informed adaptations and enabling 
aspects of customised solutions, were indicated (theme 4).
Conclusion: This study pointed to intrapersonal, interpersonal, and contextual factors that should be considered in clinical 
implementation of novel rehabilitative tools. The results demonstrated that therapists have unique insights and a crucial role in 
facilitating PME treatment. The study highlighted the need to consider the biopsychosocial model of pain in designing, evaluating, and 
implementing technology-supported interventions.
Keywords: phantom limb experience, pain, rehabilitation, therapeutic alliance, innovation

Introduction
Phantom Limb Pain (PLP) is one of the most common problems following an amputation, with an estimated prevalence 
rate of 64%.1 It has been linked to reduced quality of life, diminished personal and economic independence, and negative 
mental health outcomes.2 The neurogenesis of PLP is not fully understood,3–5 which poses a challenge for identifying an 
effective treatment and makes the search for innovative PLP therapies an ongoing process.6 PLP treatments have been 
divided into pharmaceutical and non-pharmaceutical, and the latter are further sub-divided into surgical and non- 
surgical.7 Among the treatments that aim to promote neuroplasticity,8,9 which include virtual and augmented reality, 
Phantom Motor Execution (PME) is a promising, non-invasive therapy.10–12 However, pain is not experienced in 
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isolation and may be influenced by processes occurring within an interpersonal context.13 The biopsychosocial model of 
pain highlights the need to consider a range of influences on pain experiences, including the mediating role of biological, 
psychological, social, and contextual factors.14 Ortiz-Catalan conceived several working hypotheses on the mechanisms 
of PME,15 and this study aimed to extend those conceptualisations by exploring potential non-biological influences of 
treatment effects.

PME utilises myoelectric pattern recognition, virtual reality, and augmented reality, and the intervention roughly 
consists of three elements.10–12 First, therapists place electrodes on the patient’s residual limb and use a webcam to reflect 
the patient’s body on a computer screen. A virtual limb is projected on the patient’s residual limb and the muscles’ 
electrical activity captured by the electrodes allows them to move the virtual limb. Second, patients perform several tasks 
in virtual environments, such as the Target Achievement Control (TAC) test,16 in which they match their phantom with 
a projected limb position on the monitor. The system awards patients with a score upon completion/non-completion of 
the task. Third, other tasks, such as playing serious games, are also controlled using phantom movements in the virtual 
environments. PME aims to engage the affected sensorimotor neural circuitry in an attempt to disassociate it from pain 
processing.15 The treatment employs principles used in mirror therapy,17 but addresses some of its limitations. 
Specifically, in mirror therapy, it is not always clear if patients are engaging the phantom limb in motor activity, as 
they are simply required to move the contralateral able limb and observe its reflection. In contrast, in PME, the 
engagement of the affected limb can be verified by using myoelectric pattern recognition to decode phantom limb 
movements, while virtual and augmented reality provide real-time visual feedback.15 In this process, the muscle activity 
of the residual limb is recorded by electrodes placed on the surface of the skin and is used to train a machine learning 
algorithm to decode the intended phantom movements.

PME ensures explicit execution of movements, facilitates the activation of the central and peripheral circuitry related 
to the phantom limb, and enforces motivation by providing feedback during interactive tasks.15 However, no intervention 
takes place in isolation and social processes operating within the healthcare context, including affective-motivational 
dynamics within the interpersonal context of pain and broader socioeconomic influences, may modulate both therapy and 
outcomes.13,18,19 Markedly, during the PME intervention, patients are supported by therapists, who are present for the 
entire duration of the treatment and provide expert guidance. A typical PME intervention involves 15 rehabilitative 
sessions, delivered one, two, or five times per week, each consisting of a two-hour long interaction between patient, 
therapist, and the PME system. However, the role of non-biological factors in PME implementation, and their link with 
pain experience, is underexplored.

The potential impact of interpersonal context on pain experience13 points to the need to consider the role of 
a therapeutic alliance, defined as a relationship between a patient and a therapist.20 While the quality of the therapeutic 
alliance is considered a reliable predictor of positive clinical outcomes, irrespective of the therapeutic approach taken,21 

its role in the context of the PME treatment has not been examined. This is important, as a positive correlation between 
the therapist-patient relationship and patient outcomes, including pain, has been reported in physical rehabilitation.22 

Interpersonal models emphasise the role of a therapeutic relationship and highlight beneficial effects of forming an 
affective bond between therapists and patients, including agreement on the intervention and its goals.20,21,23 However, the 
role of innovative tools in modulating patient-therapist relationships has been examined mainly in the context of mental 
health24–29 and the subjective experiences of a therapeutic alliance in a specific technology-enhanced rehabilitative 
process remain to be explored. This study aimed to bridge this gap.

PME execution is a relatively novel treatment and exploration of therapists’ subjective experiences of the intervention 
implementation in a clinical context may shed light on the key mechanisms of action30 or lead to the generation of 
hypotheses that could be tested in further research. Specifically, although the effects of the PME treatment on patients’ 
pain outcomes have been evaluated quantitatively within an international clinical trial,11,12 that investigation focused 
exclusively on changes in pre-specified health outcomes, including pain, and did not take interpersonal or contextual 
factors into account. Given the scarcity of research examining the possible interaction between novel technology and 
actors within a rehabilitative setting, and its potential significance for therapeutic outcomes, there is a need to use 
qualitative methods to explore therapists’ subjective experiences of delivering the PME treatment.
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The present study aimed to explore the perspectives of therapists delivering PME treatment12 and collected qualitative 
data on their views, perceptions, and experiences. We set out to identify how therapists made sense of the therapeutic 
processes and outcomes, and how they construed therapeutic effects. Factors associated with the treatment effects, as 
perceived by therapists, were of particular interest in this study and we aimed to shed light on the role of therapeutic 
alliance in this specific therapeutic approach. Therefore, the secondary objectives were: (a) to identify factors that, in the 
views of therapists, modulated health outcomes, and (b) to explore how therapists described the role of therapeutic 
alliance and its establishment in such a context.

Materials and Methods
Study Design and Research Paradigm
We used a descriptive, qualitative design and conducted semi-structured interviews to explore therapists’ experiences of 
the PME treatment. We embedded the study within the constructivist-interpretive paradigm and the critical interactionism 
perspectives.31 The ontological and epistemological assumptions were that reality is constructed and mediated by 
participants’ senses. While they experienced and perceived the world from their unique and relative perspectives, they 
were conscious meaning-makers and were also able to share their knowledge and insights with researchers.32 The 
Standards for Reporting Qualitative Research informed the reporting of this study.33

Sampling Strategy and Participants
We used the purposive sampling strategy, approached 19 therapists involved in delivering the PME treatment in the 
context of an international randomised controlled trial (RCT),12 and asked them to take part in this study. As these 
therapists also had the experience of delivering the intervention within a control group, namely Phantom Motor Imagery 
(PMI), we specifically asked them to focus on PME when sharing their experiences (see Supplemental Material). The 
participants were located in different countries in Europe and North America. To be eligible, they had to (1) deliver PME 
treatments and (2) speak English fluently. Eleven therapists agreed to take part in the study (response rate 58%). They 
were all females, had a mean age of 48.5 years, and had on average 19.7 years of experience as an occupational therapist 
or physical therapist (Table 1). All interviews were conducted in English and through video calls. We used the concept of 
saturation to assess how adequate our purposive sample was for the phenomenon studied.34–36 We used empirical data 
and the principle of thematic saturation to identify the point in data analysis when new information in relation to our 

Table 1 Characteristics of the Participants (n=11)

Variable Category Frequency Mean Range

Age (years) 48.5 26–70

Sex
Female 11

Country of practice
Sweden

Slovenia 2
The Netherlands 3

Canada 1
The USA 1

Discipline
Occupational therapist 8
Physical therapist 3

Experience (years) 19.7 3–45

Practice setting
University hospital 8

University 2

Private setting 1
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research questions were no longer identified, repetition was observed, and further data collection was unlikely to provide 
new information.36,37 Saturation was determined as a post-hoc appraisal that did not influence the number of interviews 
sought or conducted. In our study, thematic saturation was achieved after analysing transcripts of the first eight 
interviews.

Ethical Issues
The Medical Ethics Review Board (METc 2020/289) of the University Medical Center Groningen, the Netherlands, 
labelled this study as non-clinical research with human subjects and provided a waiver for ethical approval. Potential 
participants received a Participation Information Sheet with information on data collection, processing, and storage. 
Participants signed a consent form and gave approval for using their accounts in this research. Participation was 
voluntary. Participants had the right to withdraw at any point, and with no consequences, and they did not receive 
compensation.

Data Collection Methods and Instrument
The participants were invited through email to take part in a semi-structured interview. After receiving a signed consent 
form, the second author (TvR) arranged an interview date with each participant. All interviews were conducted with the 
use of the online platform Zoom Video Communications, Inc. An interview guide (see Supplemental Material) facilitated 
data collection and its development was informed by a framework of contextual factors modulating therapeutic 
outcomes.19 The guide reflected research questions formulated in this study and consisted of four parts; labelled as: 
(a) the effect of the PME treatment, (b) phantom limb complaints, (c) evaluation of PME system, and (d) therapeutic 
alliance. All team members developed, reviewed, and contributed to the final version of an interview guide. The 
interviews were audio recorded and, after their completion, the recordings were stored in a safe location. They were 
transcribed verbatim, with pauses captured. The transcripts were sent to the participants for review, who were allowed to 
revise, add, or change content. The revised versions of the transcripts were pseudonymised and used for the analyses. 
Participants’ quotes are used to illustrate findings and the interviewees are represented by a numeric code to ensure their 
privacy.

Data Analysis
The data analysis followed the seven phases of the Framework Approach27 and was led by the first author (MP). 
Although the framework method has a relatively short history,38 it has been updated.39 We drew on the successful 
application of this updated analytical approach in the context of health research.40,41 A combined approach to analysis 
was used, where both inductive (bottom-up) and deductive (top-down) qualitative research processes were utilized. The 
process involved recording and transcribing interviews, followed by revisions of transcripts applied by interviewees 
(transcription phase). After the first four interviews were conducted, four researchers (MP, TvR, CKS, LH) became 
familiar with their content (familiarization with the interviews phase); by listening to the recordings, reading through 
transcripts, and studying the notes. Initial ideas and recurrent patterns were identified at this stage. Pairs of researchers 
coded the transcripts (coding), and ideas were exchanged between the four researchers. The first author analysed the 
codes and examined similarities, differences, and/or discrepancies in coding. Based on the result of those analyses, the 
first and the second author developed an initial conceptual model, in which relationships between re-occurring patterns 
were identified (developing a working analytical framework). Recurrent issues, concepts, and initial themes were 
identified and labelled. After discussing the analytical framework among the four researchers, the framework was 
applied to the next two transcripts. It allowed the first author to add, change, remove, and specify codes and their 
descriptions in order to develop the final version of the framework. All other transcripts were coded with the use of this 
analytical framework (applying the analytical framework). Data was categorized in a framework matrix (charting data 
into the framework matrix). This process was facilitated by using the NVivo software (R1.6), where an overview of all 
codes, with corresponding citations, was created. The matrix was discussed and a conclusion for each theme was 
formulated (interpreting the data).
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Positionality and Reflexivity
We incorporated personal, interpersonal, methodological, and contextual reflexivity in our research.42,43 The project was 
completed by an international and interdisciplinary team of researchers, including a psychologist/sociologist/pedagogist 
(MP), a master’s student in human movement science (TvR), an occupational therapist (LH), a consultant in rehabili
tative medicine (CKS), and biomedical engineers (EL, MOC). The leading author (MP) had significant experience 
conducting quantitative, qualitative and mixed-methods research projects and was involved in the design of the 
international randomised control trial, aiming to evaluate the PME intervention.12 The second author (TvR) received 
training on qualitative research and had no connections with the participants nor prior knowledge about the treatment. 
Two researchers (LH and CKS) worked with some of the therapists, although neither was involved in the conduct of 
interviews. The biomedical engineers (EL, MOC) had the initial contact with the participants and provided them with 
training and support in using the PME system. All team members reflected on the findings from their own professional 
lenses, which facilitated a richness of perspectives. They also reflected on their positionality and professional perspec
tives, and considered their potential impact on the generated findings. MP and TvR kept a reflexive journal43 in which 
they noted their thoughts, feelings, and observations throughout the life of the study. Four team members (MP, TvR, 
CKS, LH) ensured methodological reflexivity by carefully discussing the meaning of each decision with the research 
team. We also reflected on the fact that most interviewees were employed in a university hospital of a high-income 
country and the potential impact of this situation on the findings.

Credibility and Trustworthiness
We considered credibility and trustworthiness criteria to ensure the high quality of the study.44 Reflexivity not only 
facilitated bracketing of our own subjectivity but also informed specific measures to account for the potential impact of 
our positionality and perspectives. For example, given the pre-study contact between biomedical engineers (EL, MOC) 
and the interviewees, the biomedical engineers were not involved in data collection or analysis. The interviewer’s (TvR) 
outsider perspective facilitated a reduction of potential bias and an impartial perspective.45 Two researchers (MP, TvR) 
maintained an audit trail, which involved collecting materials and notes (eg, transcripts, data analysis, report drafts) and 
documenting all decisions.46 Another two researchers (CKS, LH) reviewed the processes. Four team members (MP, TvR, 
CKS, LH) participated in regular interdisciplinary meetings to discuss all aspects of the research process. Two 
researchers (MP, TvR) completed the initial analyses and another two (CKS, LH) validated the findings. We used 
member checking to enhance trustworthiness. We ensured confirmability by providing rich quotes to illustrate the 
connection between the data, findings, and interpretation.44,47 We enhanced transferability by providing information 
about respondents and context in which the study was conducted.48 All team members commented on the consecutive 
draft of the report.

Results
Interviewees described the change that occurred within a complex 3-way interaction between the key actors; a patient, 
a therapist, and a PME device (see Figure 1). This 3-way interaction was influenced by intrapersonal, interpersonal, and 
contextual factors, leading to an interplay of effects at different levels of complexity. Four main themes were identified: 
(1) the Perceived Therapeutic Effects, (2) the Mediating Role of Key Actors and Context, (3) the Therapeutic 
Relationship as a Transformative Journey, and (4) the Potential of PME and Future Directions (see Table 2). The 
3-way interaction was a context for change, representing the interlinkage between innovation and intersubjectivity, and 
became an overarching construct tying the four themes together. The intersubjectivity reflected the interchange of thought 
and feelings between patients and therapists, which was mediated by the presence of technology.

Theme 1: Perceived Therapeutic Effects
Participants shared their understandings of the potential effects of the rehabilitative system, including outcomes and 
mechanisms of action, and spoke about incorporating those appreciations and interpretations into the therapeutic context. 
They talked about Conceptualisations of Change and Success in the context of PME and described therapeutic effects in 
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terms of perceived goals of treatment and their characteristics. Interviewees felt that patients should understand what 
goals could potentially be achieved with the support of the rehabilitative treatment, but also be aware of its limitations. 
This served the need to address a tension between the hope that the approach could work and the need to have “realistic 

Figure 1 Graphical representation of the interplay between innovation and intersubjectivity incorporating four main themes. The overarching theme, Interplay between 
innovation and inter-subjectivity, is indicated in the red square. The overarching theme is covering the 3-way interaction between the three key actors: the patient, the 
therapist, and the PME device. Four main themes are indicated in darker ovals, with several sub-themes captured within corresponding light colour ovals. The large dark 
Orange oval (representing broader socioeconomic systems, including healthcare systems) and the large light Orange oval (indicating environment, including an immediate 
therapeutic setting and distant patients’ home and/or work contexts) belong to theme 2, but are also connected to all other main themes.

Table 2 Therapists Experiences of Providing Phantom Motor Execution Therapy as a Treatment for Phantom Limb Pain. An Overview 
of Themes and Related Sub-Themes with a Brief Description of Concepts

Theme* Description of the Themes* and Sub-Themes**

Perceived Therapeutic Effects The theme highlighted participants’ understandings of therapeutic change within the context of PME. 

Conceptualisation of Change and Success sub-theme highlighted the preconceptions about goals 

and outcomes of the PME intervention that therapists bring to the rehabilitative process although 
those notions evolved and changed in the light of the observed effects. Perceived Mechanism of 
Actions sub-theme indicated the richness of therapists understanding of why PME may (or may not) 

work.
Mediating Role of Key Actors and 
Context

The theme highlighted participants’ perceptions of factors that contribute to changes (or their lack) 

within the PME intervention. These facilitating or impeding variables related to the characteristics of 

the key actors within the 3-way interaction; including the sub-themes Patient Factors, the Therapist 
Factors, the PME Device Characteristics, and Environment (an immediate or a broader 

therapeutic context). These explanations indicated factors that may enable or hinder the effects of 

the PME.
Therapeutic Relationship as 
a Transformative Journey

The theme highlighted participants’ explanations of the role of interpersonal context and human 

interactions on therapeutic outcomes. The sub-themes of Communication; Collaboration and 
Empowerment; and Bonding indicated the richness of social processes occurring within the PME 
rehabilitative context. The role of human-computer interaction, representing exchanges between 

humans and innovative technology was brought into the fore in this theme.

Potential of PME and Future 
Directions

The theme centred on Expertise-informed Adaptations and the ways in which experienced 
therapists may point directions for future PME improvements. It highlighted the need to Leverage the 
Power of Innovation and the ways in which PME can overcome disability and make the “impossible” 

possible.

Notes: *Core themes are bolded throughout the text. **Sub-themes are bolded and italicised throughout the text. 
Abbreviation: PME, Phantom Motor Execution therapy.
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expectations” (Interviewee [Int] 5), as “having a realistic goal meant that we were both determined to see it succeed” 
(Int 4). Although therapists highlighted the need for personalized goals, potentially facilitated by the PME system, 
standardization of the rehabilitative protocol sometimes posed a challenge to this ideal. It was expressed in their believe 
that “the programme is leading” the process (Int 2) and there was little room for goals exploration, negotiation, or 
agreement.

Interviewees considered diverse conceptualisations of a positive change and highlighted the role of alternative effects 
to pain reduction, especially if the latter was not achieved. For example, re-gaining control over the phantom limb, and 
the ability to relax it, were indicated as important aims of treatment, with some interviewees considering them as the 
primary goals of the therapy.

A successful treatment is, when a patient at the end has some kind of feeling of control over the experience and the feeling of 
their limb and is able to be more connected to the feeling. (Int 5) 

Interviewees also saw the ability to change the position of the phantom limb as a positive therapeutic outcome as it 
facilitated phantom limb relaxation, eg, when it was stuck in a (cramped) position.

Research participants shared their explanations of therapeutic effects and perceived Mechanisms of Action. They 
referred to cortical reorganization and described it as an important mechanism of action that could influence PLP in the 
context of PME. They highlighted the role of patients’ insight into the brain-based mechanism and their understanding of 
“what was happening in their brain” (Int 1) for positive outcomes. They saw their own role in explaining these processes 
to patients:

[I] told them again and again what was happening and how it worked. In my opinion it was very important to keep telling them 
again, and again, and again (…), it was never too much. (Int 1) 

The role of patients’ beliefs, perceptions, and expectations was described by many therapists. They frequently referred to 
the concept of “belief in the programme” (Int 1, 2, 3, 4, 8, 10), highlighting that patients’ outcomes could be negatively 
impacted if either the therapists or patients were sceptical or did not believe in the effectiveness of PME.

[If] the patient wouldn’t believe in the program, then you can have the most high-tech program, and the best therapist, and it 
wouldn’t work. (Int 8) 

This belief was linked to the patients’ hope for pain relief and underlined the willingness to try the treatment as “they 
already have had several other treatments that didn’t work” (Int 7).

The role of social connectedness was also highlighted. Interviewees indicated that “just talking about their pain 
helped to improve their pain” (Int 4), as they felt understood and believed. Feeling connected within the therapeutic 
context facilitated both the patients’ performance and the chances of enhanced understanding.

Theme 2: Mediating Role of Key Actors and Context
Although therapeutic successes were mostly attributed to the effect of the rehabilitative system, the potential impact of 
patients’ and therapists’ characteristics, as well as the external context were indicated as facilitators or barriers to 
therapeutic efforts.

According to therapists, the ability to demonstrate and maintain motivation, combined with perseverance and 
determination, were seen as the strongest Patient Factors. Motivation was also perceived as critical for treatment 
adherence. The combination of motivational factors and patients’ personal qualities, including friendliness, positivity, 
open-mindedness, and being down-to-earth, as well as their impact on treatment outcomes are reflected in this statement:

…some people are fully motivated, and they really just go ahead, and they just go despite everything. And you have people that 
are closed, or they don’t want to open to new things. So, of course it depends on their personality. (Int 10) 

Therapists paid attention to characteristics of patients’ cognition, indicating that the need to “place cognitive effort to 
manage the task” (Int 10), the ability to concentrate, focus attention, and imagine the movements contributed to positive 
outcomes. Inability to imagine movements was indicated as having a potential negative impact on the patients’ 
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involvement in the therapy, leading to less positive outcomes. Participants also indicated the role of psychological and 
emotional variables and stated that “patients who presented with depression or other psychological issues” (Int 10) were 
less likely to benefit from the treatment.

Although PME therapy could technically be delivered by anyone with minimal training, the Therapist Factors, including 
therapists’ extensive experience of treating patients with amputations and PLP, as well as their ability to apply a variety of 
therapeutic methods and techniques was seen by interviewees as a prerequisite of good treatment delivery and outcomes. A good 
understanding of the PME system facilitated the therapists’ ability to explain its goals and provide clear instructions. In the 
interviewees’ views, their role was to manage complex therapeutic situations and add a human factor to the rehabilitative tasks, 
including “reassuring them that it’s okay if they don’t do well or you know, so they’re not feeling bad about it” (Int 6). It was 
expressed in their ability to facilitate, lead, guide, support, motivate, and coach a patient through the therapeutic process; and to 
keep the task challenging. Participants highlighted multiple aspects of their role during PME treatment, illustrated in this 
statement:

Well, you are a therapist, teacher, personal trainer, supporter, everything. All in one person. (Int 9) 

Interviewees specifically highlighted the importance of instilling sense of trust and comfort in patients, to facilitate 
patients’ engagement. An important aspect of the therapists’ role was to manage motivational processes, negotiate 
realistic expectations, avoid making “false promises” (Int 4), and adjust the level of challenge.

The PME Device Characteristics played a significant role in the 3-way interaction. Although therapists had their 
preferences regarding the different aspects of the system, they tended to agree that “the combination of exercises makes 
the effect” (Int 7).

Therapists indicated that, given its unique features, the technology can empower both patients and therapists. They 
specifically pointed to the role of immediate feedback of the phantom limb movement received from the system for 
achieving therapeutic effects and focusing on the rehabilitative efforts. Interestingly, according to therapists, this real- 
time feedback also enhanced the therapists’ ability to support a patient, manage patients’ motivation, adjust levels of 
difficulty, and overcome the traditional challenges, eg in mirror therapy, of not being able to “see” or “know” what 
patients are “doing in their head” (Int 1).

So, this is a good way for us to be sure that they are doing what we think is going to help them. (Int 4) 

According to therapists, Environment could both facilitate and impede therapeutic effects. Patients’ life circumstances, 
including family and work situation, could be a source of stress and negatively impact on therapeutic outcomes.

(…) sometimes, I just think (…), phantom limb complaints are affected sometimes from the treatment, but I also sometimes 
think that what’s going on at home (…) (Int 6) 

While time commitment was a challenge for both patients and therapists, the time requirements also impacted on 
patients’ levels of fatigue and negatively influenced their participation. Time required to travel to treatment, or the need 
to take time off work, negatively influenced daily activities and caused stress, which in turn impacted on patients’ ability 
to focus within therapy.

Social support was regarded as important, including help and understanding from family and employers, and was 
frequently lacking. Interviewees pointed to the cumulative impact of multiple barriers on therapeutic effects. As one of 
the participants stated:

When there are too many difficulties, they won’t succeed. Then, it will influence on their motivation. (Int 2) 

Theme 3: Therapeutic Relationship as a Transformative Journey
Interpersonal context and intersubjectivity played an important role in the rehabilitative process. Interviewees highlighted 
the significance of interactions and the ability to develop a therapeutic alliance, as it facilitated the processes of guiding 
and coaching patients, supporting the achievement of the goals, translating the observed effects into common language, 
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and helping patients realise that the effect had indeed occurred. They indicated that if “there is this bonding, then it is 
easier to achieve these movements” (Int 10).

While construed as a mechanism underlying perceived change, therapeutic alliance was sometimes described as a by- 
product of rehabilitative efforts and the energy created by the observed effects.

I thought it was really special, actually, to see and to experience with the patient if they actually got reduction of the complaints. 
And they thought, well, I can really move my limb again. And so yeah, that is really valuable, and I think yeah, very useful. 
(Int 5) 

The unique features of the rehabilitative system opened up new opportunities, including its ability to enable, restore, or 
enhance human experience and function. As such, the technology glued human efforts together, resulting in a “teamwork 
relationship with the patients” (Int 10), and modulated the nature of therapeutic alliance.

Therapeutic relationship was a platform that facilitated therapeutic change; however, the presence of technology 
modulated its nature.

I think, with my other treatments as a hand therapist, I find more therapeutic relation than with this treatment. (…) I find my 
influence not all that big. (…) of course, I have some influence, but I don’t have to think about what is best for this patient. 
(Int 2) 

Communication was important as PME intervention was imbedded in talks, conversations, and verbal and nonverbal 
instructions. Feedback, professional guidance, and “guiding the patients through verbal instructions” (Int 3) as well as 
less formal narratives and discourses, became a part of linguistic context that was perceived to drive a positive change.

I give a lot of verbal instructions, because I think it’s easier for them to be guided, especially in the beginning because they don’t 
know what to do (…) everything is new. I don’t know if verbal instruction is a tool, but I think it is a good strategy. (Int 10) 

Collaboration and Empowerment were seen as important social processes underlying positive outcomes. The therapeutic 
work was described as a “real collaboration” between the three actors. The need to “work together”, and “hand in hand” 
for the best possible outcomes, was highlighted.

The client and I, as a therapist, are highly motivated to make the treatment work. This gave a good cooperation. (Int 1) 

Although therapists described PME in terms of its power to enhance human experience and function, the role of power 
dynamics within interpersonal context was also acknowledged. Specifically, therapists highlighted that the patients 
needed to “rely on” the therapists’ skills before they could competently manage the requirements of the programme.

Bonding developed over time and was facilitated by the length of PME therapy, as “the treatment always lasts 2 
hours, and we get to know each other a little better” (Int 1). The ability to develop a bond with a patient was attributed to 
the therapists’ characteristics and their professional training and experience. Bonding was enhanced by the learning and 
development opportunities within the therapeutic context. Trust building resulted from witnessing and experiencing 
diverse therapeutic effects.

Theme 4: Potential of PME and Future Directions
Interviewees pointed to the need for technical improvements, environmental adjustments, and equipment requirements.

Have the equipment in a suitable space is important. Now we always had to unpack and repack everything that took a lot of 
time. A large screen that displays the client well and not extra wide, which is currently the case. (Int 1) 

Technical problems were indicated as the key barrier that impeded full participation and prevented patients from 
benefitting from the planned treatment. Access to technical support was indicated as a necessary ingredient, as the 
technology was perceived as effective as long as it worked and technical difficulties, including the inability to place 
electrodes, could be avoided.

Interviewees shared their unique insights and indicated Expertise-informed Adaptations of the rehabilitative system. 
They named specific rehabilitative solutions, including techniques and strategies that could improve patient outcomes. 
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The most tangible example related to the use of functional tasks and creative ways of incorporating them into the 
therapeutic process. Interviewees also stressed the importance of verbal and nonverbal instructions, such as describing 
the movements in different ways, in the context of PME therapy.

I will support patients to think in a functional task when they do something, support them thinking on activity. (Int 4) 

As a discrepancy was sometimes observed between the challenge posed by the rehabilitative treatment and patients’ 
ability to engage in the specific treatment components, therapists thought that the potential of PME treatment should be 
leveraged by customising it to patients’ needs, preferences, and characteristics. Variability in exercises and their different 
levels of difficulty were highlighted as important in personalisation. Participants also highlighted that “you have to meet 
the patients where they want to be met” (Int 10).

Finally, interviewees highlighted that PME treatment had the potential to build on its ability to overcome the 
limitations of other treatments, eg, mirror therapy, as it enabled bilateral amputees to take part:

We also had bilateral amputees that could do this program and that’s not possible with mirror therapy, you don’t have anything 
for the mirror. So, for them it was the only option. (Int 9) 

However, interviewees highlighted that, in order to become truly inclusive, PME would need to account for individual 
differences, eg, by adjusting the skin colour of the limb. This inclusive approach, with the system’s ability to flexibly 
address and adapt to the needs of individual patients, was seen as the biggest strength of PME and interviewees felt that it 
should inform efforts towards Leveraging the Power of Innovation.

Discussion
The four themes identified in this qualitative study pointed to intrapersonal, interpersonal, and contextual factors that 
should be considered in future clinical implementations of PME treatment. The findings enriched the understanding of 
the social processes involved in the application of innovative solutions within rehabilitative contexts.13 Importantly, the 
explanations of therapeutic outcomes went beyond the biological pathways of change originally conceived for the PME 
treatment.15 Therapists offered insights into the intricacies of the therapeutic process, including interpersonal and 
contextual variables, and indicated conditions under which, in their view, the pain reduction might have been more 
likely to occur. The findings showed how the quality of human exchanges within PME treatment, and an interplay 
between contributing factors, could facilitate an extended and mutually agreed understanding of a positive therapeutic 
change (eg, pain reduction was not the only marker of success). Importantly, the study illustrated how the presence of 
innovation and the variables related to human-computer interactions impacted not only on patients but also on therapists, 
influencing the ways in which therapeutic goals were achieved within a rehabilitative context. The study also indicated 
the significance of cognitive variables operating within the interpersonal context of PME; including the role of 
preconceptions held by therapists, their subjective understandings of the PME, interpretations of goals and outcomes, 
and explanations for why PME may (or may not) work. The study also showed how experienced and knowledgeable 
therapists might contribute to leveraging current approaches and inform their future adaptations.

The therapists saw patients’ understanding of the brain structures and functions as the foundation of the intended 
therapeutic outcomes. They highlighted the need to activate patients’ awareness of bodily systems in order to achieve 
a positive change. This finding extends the well-established link between health literacy and patient outcomes49 and 
suggests that increased patients’ insight into the hypothesised mechanism of action may increase patients’ chances of 
recovery.50 These findings raise cautions against mechanistic involvement of patients in the PME intervention and 
highlight the role of therapists in providing a tailored education within clinical encounters. Second, the desired effects 
were also linked to both patients’ and therapists’ beliefs in the effectiveness of the PME system. While the indicated link 
might be partially explained by the health beliefs models,51 highlighting the impact of the perceived benefit of the 
intervention and the belief in own capacity to execute behaviours (self-efficacy), the reported focus on patients’ positive 
expectations also point to the possible placebo effect that might have played a role in the therapeutic context.19,52,53 

Third, when justifying the reasons for which PME worked for some patients, but not others, participants suggested the 
need to consider patients’ cognitive profiles, including attentional processes and motor imagery ability. This finding 
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should be seen in the light of the reports of individual differences in patients’ ability to use motor imagery54 and its 
impact on patients’ engagement in treatment.55 Specifically, it has been suggested that kinaesthetic and visual modalities, 
along with imagining movements from first person perspective, are required to provide appropriate stimulation of the 
somatosensory and motor cortices, which may underlie reversal of maladaptive plasticity following PLP. However, due to 
individual differences, not all patients are equally able to engage in these activities.56,57 Further research is required to 
explore the phenomena and shed light on these possible links in the context of PME.

Our findings suggest that, given the length of individual PME sessions (2 hours), and the overall therapy (15 
sessions), there is a need to consider and account for the role of social interactions within the PME rehabilitative 
process.58 This supports existing literature and highlights a positive influence of social connectedness and bonding on 
therapeutic outcomes.59,60 However, this also extends existing knowledge by indicating that the establishment of 
a therapeutic alliance is influenced by the presence of the technology and the complex interchange between the three 
actors (patient, therapist, and the device). Participants perceived the presence of technology as modulating their approach 
and saw the “restrictive” protocol as limiting their freedom. The therapeutic process was often perceived as pre- 
determined and led by the PME device. This included agreement on the therapy goals, which is important as goal 
formation is seen as an important element of a therapeutic alliance formation.20,22 However, the human interactions also 
seemed to modulate the use of a technology, often re-defining its empowering features. Specifically, being a context for 
PME intervention, the quality of the human interactions contributed to the quality of the therapeutic outcomes; as this 
supportive and collaborative interpersonal context enriched the therapeutic process and allowed both therapists and 
patients to consider alternative and equally important therapeutic effects. The novel rehabilitative context, with all its 
affordances and opportunities, made the key actors think differently about possibilities and helped them redefine what 
a good therapeutic outcome could be. Although the additional effects of therapeutic alliance in a rehabilitative context 
have been reported in the literature,23,61–63 our findings extend these understandings and demonstrate how the presence of 
a technology can enrich, but also impede, the development of an alliance; including its mediating impact on intervention 
outcomes.

Although PME has been designed to mainly improve pain experience, participants indicated that it might have more 
diverse effects, including psychosocial outcomes. For example, regaining control over the phantom was an important 
alternative goal, and if achieved, it was linked to the sense of satisfaction, relaxation, acceptance, and relief. These 
findings highlight the need to explore the link between PME and sense of agency and extend the understanding of 
psychological factors in PLP.5 Importantly, therapists drew on their comprehensive professional training and experience 
and provided patients with informal support through diverse communication channels, including carefully tailored 
instructions and nonverbal language. They facilitated patients’ understanding of the changes and engaged them in 
a positive interpretation of observed outcomes. Importantly, our findings point to the need to consider the content and 
function of communication between the key actors within the PME intervention, including human-computer interaction, 
and explore the role of technology in enriching these information, ideas, and feelings exchanges.58 Future research 
should build on the efforts to link elements of a communication process to improve rehabilitation outcomes,64 as well as 
explore the role of the language use in the context of interactional trajectories.65

Finally, participants indicated that expertise-informed adaptations should guide revisions of the technological solu
tions and possible opportunities should be addressed in parallel with the reported technological restrictions and 
limitations. They saw potential in PME and gave examples of adaptations. The participants described PME in terms 
of its power to enhance human experience and function, as well as a means of overcoming disability. They highlighted 
the benefits of PME when working with patients with bilateral amputations, for whom the use of other treatments, eg, 
mirror therapy, was not possible. Although PME treatment likely increases the sense of agency among patients, similar 
processes within therapists have been highlighted in this study, highlighting that the use of PME treatment may empower 
both patients and therapists. Specifically, the therapy was facilitated by the feedback received from the PME system, 
which not only gave the providers insight into “invisible” processes and aspects of patients’ activity but also formed 
grounds for more interpersonal encounters within the clinical context. Importantly, our findings indicate that therapists 
played a pivotal role in the delivery of the PME intervention as they provided necessary guidance and helped patients 
navigate through the complex intervention. The therapists’ efforts were seen as particularly important when change in the 
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primary outcome (pain perception) was not noticed but alternative benefits (eg, movement control) were strikingly 
present. Although PME treatment has been delivered at home, with patients demonstrating capability to be engaged in the 
self-treatment PME mode,66 the findings of this study support the conclusion that the positive effects of a home-based 
approach may need to build on the initial clinic-based encounters. Therefore, a proper balance of clinical and in-home 
treatment has yet to be established.66

Strengths and Limitations
The findings should be seen in the light of their strengths and limitations. This study shed light on the ways in which 
a novel therapeutic tool may have influenced both human interactions and outcomes within a rehabilitative context. 
Although any attempt to transfer the findings to other technology-supported rehabilitative treatments requires caution, the 
findings may inform the design and implementation of similar therapeutic approaches in real-life settings. However, 
therapists represent only one perspective and the exploration of patients’, informal caregivers’, healthcare service 
managers’, economists’, or policymakers’ perspectives might have shed light on factors not identified in this study. It 
is also important to acknowledge that interviews were conducted in English (not a native language for most participants) 
and through video conversations. Although these measures facilitated participation and exploration of therapists’ views 
from across international sites, they might have influenced the interview flow and limited the richness of conversations. 
Also, all participants were females and male participants’ perspectives might have enriched the understanding of the 
explored phenomena. Moreover, given that PME is at the evaluation stage of its development, all of the included 
participants delivered the intervention as part of the RCT.12 It means that they also have the experience of delivering PMI 
intervention within a control group. Although they were asked to focus on the PME treatment when reporting 
experiences, their perspectives were likely formed with reference to the PMI treatment. Finally, we conducted most 
interviewees in university hospitals of high-income countries; therefore, potential mechanisms of action identified in this 
study apply only to these types of settings.

Research and Clinical Implications
Future research, following approaches taken elsewhere,67,68 should employ collective intelligence methodologies 
and take an interdisciplinary approach to leverage the power of PME treatment. The findings of this study indicate 
the need to explore the indicated factors further in the context of PME and with the aim of optimising patient 
outcomes, including accounting for individual differences and unique patients’ needs. As this study demonstrated 
a potential impact of an interpersonal context on rehabilitative outcomes, future implementation efforts should build 
on these learnings. The co-production efforts, underpinned by true collaborative efforts between the key stake
holders (eg, patients, therapists, family members, service managers, policy makers, technology designers); and as 
per published recommendations,69,70 should inform future innovative steps. A series of experimental studies should 
be conducted to investigate the link between patients’ cognitive profiles, including attentional processes and motor 
imagery ability, and therapeutic outcomes. Observational approaches, including the analyses of recorded patient- 
therapists’ interactions, may provide insight into the potential impact of language and nonverbal communications 
(including the use of body language when providing instructions) on therapeutic outcomes and inform future 
approaches. The insights from those studies might guide the design of quantitative studies aiming to investigate 
the modulating role of contextual factors on pain experience. This could be particularly important in the light of 
patients’ wishes for home treatment, where the therapeutic interaction and bonding cannot be exploited to the full 
extent, compared to a clinical treatment. Given the richness of informal therapist-patient exchanges, and their 
potential impact on therapeutic outcomes, future PME evaluations should take a systematic approach to measuring 
intervention implementation fidelity.71,72

Conclusions
The biopsychosocial model of pain14 should be considered when designing, evaluating, and implementing technology- 
supported interventions. There is a need to account for the impact of therapeutic alliance and other interpersonal 
processes on patient outcomes within technology- supported interventions.13 The possible bidirectional links between 
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therapeutic alliance and technology, and the impact of innovation on human exchanges, require further exploration. As 
therapists have unique insights and play a crucial role in facilitating PME treatment, future home-based treatments should 
build on initial patient-therapist interactions.
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